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ABSTRACT

An terface to a removable device includes a power moni-
toring device that can be used to quickly detect if a removable
device 1s present during boot up or start. If the removable
device 1s present, the normal startup sequence 1s performed
for the removable device. If the removable device 1s not
present, the startup sequence skips any further startup
sequence for the removable device. In some embodiments,
the power draw of a device may be used to detect that the
removable device 1s ready, rather than waiting a predeter-
mined time before assuming that the removable device 1s
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1
ADAPTIVE BOOT SEQUENCE

BACKGROUND

Many electronic devices have various interfaces and busses
that allow removable devices, cards, and subsystems to be
added or removed. As the devices increase 1n complexity and
have several such interfaces, the time required to boot up or
start the device increases. In many cases, an interface may
need to have power applied and, after a period of time, the
interface may be queried to determine 1f aremovable device 1s
present. When several such interfaces are present, the time
required to boot up or start a device can be frustratingly long.

SUMMARY

An nterface to a removable device includes a power moni-
toring device that can be used to quickly detect 1t a removable
device 1s present during boot up or start. If the removable
device 1s present, the normal startup sequence 1s performed
for the removable device. If the removable device 1s not
present, the startup sequence skips any further startup
sequence for the removable device. In some embodiments,
the power draw of a device may be used to detect that the
removable device 1s ready, rather than waiting a predeter-
mined time before assuming that the removable device 1s
ready.

This Summary 1s provided to mtroduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This Summary 1s not mtended to
identily key features or essential features of the claimed sub-
ject matter, nor 1s 1t intended to be used to limit the scope of
the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

FIG. 1 1s a diagram illustration of an embodiment showing,
a system with boot-time power monitoring.

FI1G. 2 1s a flowchart 1llustration of an embodiment show-
ing a method for analyzing the power draw of a bus device and
shortening a boot sequence if the device 1s not present.

FI1G. 3 1s a diagram illustration of an embodiment showing
a system with both a bus-level power measuring device and an
overall power measuring device.

DETAILED DESCRIPTION

During a boot sequence for a system, each bus connected to
the system performs a startup sequence for devices attached
to the bus. When a bus device 1s not present, the bus startup
sequence detects that there 1s no power draw on the bus and
thus can jump to the next action 1n the boot sequence.

The power detection may be applied to any bus that has
removable components, whether they be user-removable or
not. Some bus components may be mnternal to a system and
known as internal busses. An example may include peripheral
component interconnect (‘PCI”), PCI Express, SCSI, or ATA.
Other bus components may be external busses, examples of
which include PCMCIA, umversal serial bus (‘USB’), and
IEEE-488.

The detection of a device on a bus 1s performed by moni-
toring power draw of the bus during a boot sequence. The
amount of power and the signature of the power draw may be
used to determine 1f a device 1s present, and 1n some cases
determine what type of device 1s present and 11 the device has
come to a ready state.
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Power may be detected through any appropriate mecha-
nism. In a sitmple embodiment, a simple comparator may be
used to indicate a device presence, while 1 other embodi-
ments, analog to digital converters may be used to sample the
power draw 1nto a form that may be analyzed.

Specific embodiments of the subject matter are used to
illustrate specific inventive aspects. The embodiments are by
way ol example only, and are susceptible to various modifi-
cations and alternative forms. The appended claims are
intended to cover all modifications, equivalents, and alterna-
tives falling within the spirit and scope of the mvention as
defined by the claims.

Throughout this specification, like reference numbers sig-
nify the same elements throughout the description of the
figures.

When elements are referred to as being “connected” or
“coupled,” the elements can be directly connected or coupled
together or one or more 1ntervening elements may also be
present. In contrast, when elements are referred to as being
“directly connected” or “directly coupled,” there are no inter-
vening elements present.

The subject matter may be embodied as devices, systems,
methods, and/or computer program products. Accordingly,
some or all of the subject matter may be embodied 1n hard-
ware and/or 1n software (including firmware, resident soft-
ware, micro-code, state machines, gate arrays, etc.) Further-
more, the subject matter may take the form of a computer
program product on a computer-usable or computer-readable
storage medium having computer-usable or computer-read-
able program code embodied in the medium for use by or 1n
connection with an 1nstruction execution system. In the con-
text of this document, a computer-usable or computer-read-
able medium may be any medium that can contain, store,
communicate, propagate, or transport the program for use by
or in connection with the istruction execution system, appa-
ratus, or device.

The computer-usable or computer-readable medium may
be, for example but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus, device, or propagation medium. By way of
example, and not limitation, computer readable media may
comprise computer storage media and communication
media.

Computer storage media includes volatile and nonvolatile,
removable and non-removable media implemented in any
method or technology for storage of information such as
computer readable instructions, data structures, program
modules or other data. Computer storage media includes, but
1s not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices,
or any other medium which can be used to store the desired
information and which can accessed by an instruction execus-
tion system. Note that the computer-usable or computer-read-
able medium could be paper or another suitable medium upon
which the program 1s printed, as the program can be electroni-
cally captured, via, for instance, optical scanning of the paper
or other medium, then compiled, interpreted, of otherwise
processed 1n a suitable manner, if necessary, and then stored
In a computer memory.

Communication media typically embodies computer read-
able instructions, data structures, program modules or other
data in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of 1ts characteristics set or changed 1n such a
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manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired connec-
tion, and wireless media such as acoustic, RF, infrared and
other wireless media. Combinations of the any of the above
should also be included within the scope of computer read-
able media.

When the subject matter 1s embodied 1n the general context
of computer-executable instructions, the embodiment may
comprise program modules, executed by one or more sys-
tems, computers, or other devices. Generally, program mod-
ules include routines, programs, objects, components, data
structures, etc. that perform particular tasks or implement
particular abstract data types. Typically, the functionality of
the program modules may be combined or distributed as
desired 1n various embodiments.

FIG. 1 1s a diagram of an embodiment 100 showing a
system with boot-time power momitoring. A processor 102 1s
connected to an internal bus interface 104 that has a bus-

specific power monitoring system 106 and internal bus
devices 108 and 110. Processor 102 1s connected to a PCM-

CIA mterface 112 which 1s connected to a PCMCIA device
114. Similarly, the processor 102 1s connected to a SCSI
interface 116 that 1s connected to a SCSI device 118. The
processor 102 1s connected to a Universal Serial Bus (‘USB’)
interface 120 to which no devices are attached. The processor
102 1s connected to a general power monitoring system 122
which 1s connected to a system power supply 124.

Embodiment 100 1s an example of a system that may use
power monitoring to determine 1f a device 1s present on one or
more interfaces. When a device 1s not present during a boot
sequence, that portion of the boot sequence may be shortened
without having to wait for a timeout sequence to occur.

A device on an interface may be detected when power 1s
applied to the bus and power 1s drawn by the device. In many
cases, a device may take an 1nitial high current power draw
and settle to a lower power draw after the device comes to a
ready state. In some 1nstances, a device may have a particular
power draw signature that may be used to determine the type
of device that 1s attached to the interface and 1n which state the
device 1s operating.

During a boot sequence, one mechanism for determining 11
a device 1s present 1s to apply power, wait a specific period of
time, and send a query over the interface to determine 1t a
device 1s present. The period of time 1s generally selected so
that any device connected to the interface may have adequate
time to mitialize, perform any power on sequences, and come
to a ready state 1n order to communicate on the interface. The
period of time may be drastically shortened by checking to
see 11 an 1nitial power draw occurs when power 1s applied. It
a relatively high power draw does not occur, 1t can be assumed
that no devices are present.

Similarly, when a device 1s detected, a boot sequence may
be shortened by detecting that the attached device has to come
to a ready state by analyzing a power draw signature. The
processor may begin communication with the attached device
immediately when the device 1s ready rather than waiting a
predetermined time for any devices on the bus that have
already come to a ready state.

In some embodiments, after detecting that a device 1s
present, the boot sequence may perform a waiting period
betfore querying any devices on an interface. Many bus speci-
fications have a predefined waiting period for a boot up
sequence. The waiting period 1s sometimes set by a standards
body and compliant devices attached to the bus will come to
a ready state no later than the waiting period. In many cases,
a device may be ready long before the waiting period expires.
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A simple embodiment of a power monitoring device may
include a comparator that indicates the power draw 1s greater
than a predetermined value. Such an embodiment has an
advantage of being low cost and relatively simple to imple-
ment.

In more complex embodiments, an analog to digital con-
verter may be employed to sample the power draw over a
period of time. Such an embodiment may be able to determine
apower draw signature of any device attached to an interface.
A power draw signature may be used to resolve a specific
device type and, 1n some cases, a specific state for the attached
device.

Power monitoring may be performed by power monitoring,
systems that operate on a bus level, such as the bus specific
power monitoring system 106 or at as general power moni-
toring system 122. The general power monitoring system 122
may be able to detect and measure power draw across an
entire system, and may be able to distinguish which interface
1s drawing power 1n some instances. For example, a system-
wide power level may be measured before a bus 1s mitialized
and shortly thereafter. If a large power increase 1s detected
between the two measurements, 1t may be assumed that the
bus 1mitialization caused the power change and thus a device
1s present on the bus. It the difference 1s below a threshold
value, 1t may be assumed that no device 1s present. Such a
system may have less accuracy than a bus-specific power
monitoring system 106, as other components or devices
within the system 100 may adversely affect a reading.

When a bus-level power monitoring system 1s employed,
the power being drawn by devices attached directly to the bus
may be sensed 1n a more accurate manner than when using a
general power monitoring system 122.

A bus-level power monitoring system may be employed
during the operation of an interface to determine a status of
devices on an interface. An example of such a status may
include detecting that a device attached to an interface is
drawing sullicient power to charge a battery attached to the
device.

A general power monitoring system 122 may be sufficient
to determine the presence of a device attached to an interface
in certain circumstances. For example, when the overall
power draw for the system 300 1s stable and the processor 302
performs an 1nstruction to apply power to one of the various
interfaces, the general power monitoring system 122 may be
able to sense a power spike that would 1indicate a device 1s
present on the interface that was just enabled.

A power monitoring system may be applied to any type of
interface that may have a removable device. In some
instances, the removable device may be a user-removable
device, such as a USB or PCMICA device. In other instances,
the removable device may be a PCI device attached to an
internal bus that 1s not readily user-serviceable. By applying
a power monitoring system to as many bus interfaces as
possible, a generalized boot sequence may be used that
includes routines for many types of interfaces, but the gener-
alized boot sequence may be able to skip past interfaces that
are not present or where no devices are attached to the inter-
faces.

For example, a computer manufacturer may have various
internal busses that are used to attach various features to the
computer. An example may be an internal card that contains a
wireless adapter. When the wireless adapter 1s present 1n the
system, the boot sequence may apply power, wait for the
wireless adapter to become ready, and communicate with the
wireless adapter. When the wireless adapter 1s not present, the
boot sequence may skip the interface with the wireless
adapter after detecting that no device 1s present. By using a
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power monitoring system for the system, the computer manu-
facturer may deliver various versions of the computers while
enabling each version to perform a boot sequence as quickly
as possible while using the same hardware and software.

Any type of interface may be monitored using either a
bus-specific power monitoring system 106 or a general power
monitoring system 122. The interfaces may be internal or
external, serial or parallel, standardized or proprietary, and be
of any design imaginable. In some instances, a single physical
connector may connect data and power between the interface
and a connected device, while 1n other instances, data and
power may be separated into two or more different physical
connections. The power connection may be a typical hard-
wired connection or may comprise a capacitive, inductive, or
any other type of coupling that may conduct power from the
interface to the connected device.

In some instances, a power monitoring system may be
capable of detecting the number of devices attached to an
interface. When power 1s applied, power draw analysis may
indicate that two or more devices are attached. When multiple
devices are sensed, a boot sequence may ensure that each of
the individual devices are present and operational.

A power monitoring system may be used for other func-
tions, including verification that certain devices are present in
a system. Such information may be used by a security system,
for example, to verily that the system 1s configured 1n a
specific manner and that improper devices have not been
added or other devices improperly removed.

The processor 102 may be any type of processor unit,
including a general purpose programmable processor, a gate
array, state machine, or other type of logic device. In many
embodiments, memory devices may be used to store and
retrieve processor instructions and data. The processor 102
may have operator interfaces, network interfaces, or other
interfaces as appropriate. A typical embodiment may beta
personal computer such as a desktop workstation or a portable
laptop or notebook computer.

FIG. 2 1s a flowchart illustration of an embodiment 200
showing a method for using power momtoring during a boot
sequence. A boot sequence 1s begun 1n block 202. For each
bus attached to a system 1n block 204, the following sequence
may be performed.

Power 1s applied to the bus 1n block 206 and the initial
power draw 1s monitored 1n block 208. The initial power draw
1s analyzed 1n block 210 and if the power draw does not
indicate that a device 1s present 1n block 212, the sequence
returns to block 204. If the power draw does 1ndicate that a
device 1s present 1n block 212, the sequence may wait until the
device 1s ready 1n block 214 then perform a startup sequence
for the device in block 216. After the startup sequence is
performed 1n block 216, the sequence returns to block 204.
After each bus has been 1nitialized 1in block 204, the boot
sequence continues 1n block 218.

Embodiment 200 1s an 1llustration of a boot sequence that
uses power measurement to determine 11 a device 1s present.
When power 1s applied to a bus and a device 1s not detected,
a boot sequence may skip further activity with the bus. When
a device 1s present, the normal boot sequence for the device 1s
performed.

In some embodiments, a boot sequence may perform a
power on operation for each bus system individually and in
sequence. Such an embodiment may be used when a system-
wide power monitoring system 1s used so that devices
attached to a specific bus may be detected. In embodiments
where bus-specific power monitoring systems are used, bus-
ses may be powered on simultaneously and attached devices
may be resolved for each specific bus.
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The analysis of power draw 1n block 210 may be any type
of analysis that may be used to determine that a device 1s
present on an interface. A simple monitoring system may use
a hardware comparator to determine that a device 1s either
present or not present. Such a system may be implemented in
hardware and return a binary output.

In a more complex monitoring system, wavelform signa-
tures ol the power draw may be analyzed 1n block 210. Such
analysis may comprise comparing the monitored wavetform
with various parameters or matching the monitored wave-
form with other waveform signatures to determine presence
as well as other parameters about the attached device. Other
parameters may include a device type, a device status, or any
other parameter.

A device may be considered ready in block 214 using
various methods. In some embodiments, a timer may be used
to wait a predetermined amount of time before performing a
startup sequence of block 216. In other embodiments, a timer
may be used 1 conjunction with monitoring various signals
that an attached device may send over an interface when the
device 1s ready. It the device does not indicate that it 1s ready
within the time period determined by the timer, the device
may have an error. In still other embodiments, a power moni-
toring system may determine that a device 1s ready by moni-
toring a wavelform of power draw. In yet other embodiments,
combinations of timers, power monitoring system output,
signal monitoring, or other mechanisms may be used to deter-
mine that a device 1s ready 1n block 214.

FIG. 3 1s a diagram illustration of an embodiment 300
showing a system with power monitoring. A processor 302 1s
connected to a bus interface 304 that 1s connected to a bus
device 306. The bus interface 304 1s also connected to a power
supply 308. The processor 302 may send data communication
310 to the bus interface 304 that may be communicated to the
bus device 306. The power supply 308 may make a power
connection 312 to the bus interface 304. A bus-level power
measuring device 314 may monitor to power connection 312
and provide data input to the processor 302. An overall power
monitoring device 316 may monitor the power output of the
power supply 308 and provide data input to the processor 302.

Embodiment 300 1llustrates a system that has two power
measuring devices: a bus-level power measuring device 314
and an overall power measuring device 316. Some embodi-
ments may contain either or both of the two power measuring
devices 314 and 316. The power measuring devices 314 and
316 may sense the power flowing to the bus interface 304 and,
based on the amount of power flowing to the bus interface
304, determine if the bus device 306 1s present or not.

The power measurement devices 314 and 316 may be a
discrete hardware device, such as a comparator circuit that
may have a digital output, or may be a more complex device
that contains various analog, digital, and analog to digital
circuitry. A more complex device may incorporate firmware,
soltware, logic arrays, gate arrays, or other logic 1n order to
analyze the power connection 312 and return a determination
of whether the bus device 306 1s present. In some embodi-
ments, the processor 302 may perform at least some of the
analysis, while 1n other embodiments, one or both of the
power measuring devices 314 and 316 may perform the
analysis.

In some embodiments, the overall power measuring device
316 may be an output of a system power supply 308, while 1n
other embodiments, the power measuring devices 314 and
316 may be separate circuits or devices from the power supply
308 or other components of the system.

Boot sequences may be shortened by determining the pres-
ence of the bus device 306 through the power draw of the bus
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device 306. When the bus device 306 1s not present, the boot
sequence may skip the portion of the boot sequence that may
be devoted to the bus interface 304 and any devices attached
thereto.

The foregoing description of the subject matter has been
presented for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the subject matter to the
precise form disclosed, and other modifications and varia-
tions may be possible 1n light of the above teachings. The
embodiment was chosen and described 1n order to best
explain the principles of the mvention and 1ts practical appli-
cation to thereby enable others skilled 1n the art to best utilize
the 1nvention 1n various embodiments and various modifica-
tions as are suited to the particular use contemplated. It 1s
intended that the appended claims be construed to include
other alternative embodiments except insofar as limited by
the prior art.

What 1s claimed 1s:
1. A system comprising:
a bus for attaching at least one removable device;

a power measurement device adapted to measure power
applied to said bus; and

a controller adapted to perform a boot sequence compris-
ng:
applying power to said bus;

measuring a first power draw using said power measure-
ment device;

i said first power draw 1s greater than a predetermined
limit, determining that said at least one removable

device 1s present; and

if said first power draw 1s less than a predetermined limiut,
determining that said at least one removable device 1s

not present,

said controller being further adapted to determine 1n
which of at least three states said at least one remov-

able device 1s operating using a power draw signature.

2. The system of claim 1, said power measurement device
being further adapted to determine that said first power draw
has stabilized.

3. The system of claim 1, said power measurement device
comprising a hardware component.

4. The system of claim 3, said hardware component com-
prising an analog to digital converter.

5. The system of claim 3, said hardware component com-
prising a comparator.

6. The system of claim 1, said controller being further
adapted to determine a device type from said first power draw.

7. The system of claim 1, said controller being further
adapted to detect that said at least one removable device has
come to a ready state.

8. The system of claim 1, said controller being further
adapted to waiting for a predetermined time for said at least
one removable device to come to a ready state.

9. The system of claim 1 further comprising a power sup-
ply, wherein said power management device being adapted to
measure an overall power draw from said power supply.
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10. The system of claim 1, said bus being a version or
derivative of one of a group composed of PCMCIA bus,
umversal serial bus, and peripheral component interconnect
bus.

11. A method comprising:

beginning a boot sequence;

applying power to an interface, said interface being
adapted to connect to at least one removable device;

measuring said power to said interface to determine a
power draw;

11 said power draw 1s greater than a predetermined limit,
determining that said at least one removable device 1s
present and waiting for said at least one removable
device to come to a ready state;

11 sa1id power draw 1s less than a predetermined limait, deter-
mining that said at least one removable device 1s not
present and advancing to another step in said boot
sequence; and

determining a device type from said power draw of said at
least one removable device and 1n which of a not present
state, a present but not ready state or a ready state said at
least one removable device 1s operating using a power
draw signature.

12. The method of claim 11, said power measurement
device being further adapted to determine that said power
draw has stabilized.

13. The method of claim 11, said power measurement
device comprising a hardware component.

14. The method of claim 11, said waiting for at least one
removable device to come to a ready state comprises analyz-
ing said power draw.

15. The method of claim 11, said waiting for at least one
removable device to come to a ready state comprises waiting
a predetermined time.

16. The method of claim 11 being a personal computer
device.

17. The method of claim 11, said interface being a version
or derivative of one of a group composed of PCMCIA bus,
umversal serial bus, and peripheral component interconnect
bus.

18. A computer readable medium comprising computer
readable mstructions adapted to perform the method of claim
11.

19. An interface comprising:

a connector adapted to connect to a removable device;

a power measurement device adapted to measure power to

sald removable device;

a controller adapted to:
apply said power to said removable device;
determine 11 said removable device 1s present by analyz-

ing said power using said power measurement device;
indicate that said removable device 1s present during a
boot sequence based on said analyzing said power;
determine a type of said removable device based on a
power draw signature using said power management
device; and
detect that said removable device has come to a ready
state by analyzing the power draw signature.
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